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INTRODUCTION
Narcolepsy is a common neurological disorder, affecting approximately 0.06% of the general population. 1 It has been hypothesized that a combination of genetic and environmental factors is involved in the pathogenic mechanisms of narcolepsy, where the triggering of an autoimmune process leads to hypothalamic destruction, with the loss of hypocretin-1-containing cells. 2 Even though symptoms most frequently begin during childhood or adolescence, the diagnosis is usually not made until adulthood. Narcolepsy is characterized by excessive daytime sleepiness with sudden sleep attacks, and rapid eye movement sleep abnormalities such as cataplexy (sudden reduction or loss of muscular tone not accompanied by loss of consciousness), sleep paralysis (inability to move when falling asleep or waking up), and hypnagogic (upon falling asleep) or hypnopompic (upon awakening) hallucinations and nocturnal dyssomnia with fragmented sleep and awakenings. 3 Psychiatric disorders have been shown to be more frequent in adults with narcolepsy compared with the general population. The most common disorders, depressive mood and social anxiety disorders, each have been described in approximately 20-30% of patients. 4, 5 In contrast, the prevalence of eating disorders or psychotic disorders in adults with narcolepsy does not appear to be increased compared with the general population. 6, 7 A retrospective study of childhood attention deficit hyperactivity disorder (ADHD) symptomatology among adult patients with narcolepsy identified a more than eightfold to 15-fold greater prevalence than expected, indicating a relationship between narcolepsy and ADHD. 8 Adult patients with narcolepsy frequently complain of memory problems. In contrast, the results from standardized neuropsychological investigations of memory performance in these patients have frequently been similar to those of healthy controls. 9 Recent studies have revealed somewhat conflicting results. Adult patients with narcolepsy may attain high performance in several neuropsychological domains, but, at the same time, they can have difficulty in areas such as working memory, executive function, reward processing, and decision making. [10] [11] [12] [13] Although most patients with narcolepsy experience the onset of symptoms in childhood or adolescence, comparatively few studies have focused on aspects of the disease before adulthood and very few studies have addressed the psychiatric and cognitive consequences in childhood. Several retrospective hospital-based studies have described poor school performance in a large proportion of children with narcolepsy. [14] [15] [16] In addition, behavioral problems were described in approximately half the patients with narcolepsy secondary to the H1N1 vaccination in both Finland and Sweden. 16, 17 A study of psychosocial and intellectual functioning in 12 children with narcolepsy reported an IQ in the average range tested with the Wechsler Intelligence Scale for Children, Third Edition (WISC-III).
18
A 17-to 25-fold increase in the childhood incidence of narcolepsy has recently been described in relation to the 2009 H1N1 pandemic vaccination campaign in Finland and Sweden. 16, 17 The large number of patients currently has made it possible to study the childhood manifestations of narcolepsy in more detail. We recently performed an epidemiological study of children and adolescents in western Sweden in which we recruited all patients in whom narcolepsy had been diagnosed between January 1, 2000 and December 31, 2010. 17 The aims of this cross-sectional study are to describe the prevalence of psychiatric comorbidities, as well as the cognitive profile, in this population-based cohort of children and adolescents with narcolepsy.
MATERIALS AND METHODS

Participants
The study group consisted of 38 children and adolescents, 31 with post-H1N1 vaccination (PHV) narcolepsy and seven with non-post-H1N1 vaccination (nPHV) narcolepsy. PHV narcolepsy was considered in patients with clinical onset within 10 mo from vaccination. Thirty-one patients were recruited from a population-based study in western Sweden. In addition, another seven patients were consecutively recruited from the same population. All patients had onset of disease between 
Instruments
The Development and Well-Being Assessment (DAWBA) parent interview was performed in 37 patients. The DAWBA is a diagnostic tool used for the identification of psychiatric disorders. 20 It consists of a package of structured interviews, questionnaires, and rating techniques designed to generate psychiatric diagnoses in children aged 5-17 y according to ICD-10 21 and the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV). 22 The final rating was made by an experienced child and adolescent psychiatrist, one of the authors (EW). All the subscales, including social behavior, peer problems, hyperactivity, conductive problems, and emotional disturbances, were assessed. Regarding autism spectrum disorders, the DSM-IV diagnoses of autistic disorder (AD), Asperger syndrome, and pervasive developmental disorder not otherwise specified were assessed. In addition, the term "autistic traits", which is not a DSM-IV diagnosis but indicates social interaction problems causing a significant impairment, was used when three criteria were met for AD. 22 The Autism Spectrum Screening Questionnaire (ASSQ) was used in 32 patients to screen for difficulties within the autism spectrum. 23 It comprises 27 items rated on a three-point scale, where 11 items refer to social interaction, six to communication problems, and five to restricted and repetitive behavior. The five remaining items embrace motor clumsiness and other associated symptoms, including motor and vocal tics. A cutoff score of 19 or higher has been used in Sweden for the screening of AD in children with normal intelligence or mild mental retardation in a clinical setting. 23 The attention deficit hyperactive disorder rating scale (ADHDRS) was used in 32 patients to make the diagnosis of ADHD. 24 The ADHDRS consists of 21 questions. Eighteen questions are scored on a two-point scale ranging from 0 to 1 symptom, with a total score ranging from 0 to 18.The cutoff for ADHD was six points of either inattention or hyperactivity/impulsivity corresponding to DSM-IV criteria. Three additional questions specify the onset of symptoms before 7 y of age, before puberty, and if disabilities are caused in at least two areas, such as school and home. ADHD with atypical onset was defined as onset after age 7 y. The Positive and Negative Syndrome Scale (PANSS) 25 was used in 35 patients to assess symptoms of psychosis and schizophrenia. The PANSS is only valid for adults, but there is no better instrument for screening psychotic symptoms in children and adolescents. The patient's symptoms are rated from 1 to 7 on 30 different items based on the answers from interviews, as well as reports by family members or primary care hospital workers. Scores are often given separately for the positive items, negative items, and general psychopathology. We only used the positive symptom domain in the PANSS. A pathological deviation was considered when symptom scores within the individual items were 4 or higher. 25 A model of study materials and methods is presented in Table 1 .
The cognitive assessments were performed in 35 patients: 19 females and 16 males (three patients were unavailable for testing). The assessments were made by a clinical psychologist, with no previous relationship with the patients. All participants and their parents were given the option to refuse testing if current fitness was not suitable for testing. All participants were also offered the opportunity to pause during testing or stop if Values for the full-scale IQ (FSIQ), verbal comprehension index (VCI), perceptual reasoning index (PRI), and processing speed index (PSI) were recorded for all the assessed patients. Working memory index (WMI) was obtained for 34 patients (one patient was too young to be able to perform the required tasks). Executive functions such as initiation, cognitive flexibility, and monitoring were examined with two subtests (animal sorting and word generation) from the "A developmental Neuropsychological Assessment" (NEPSY-II) test battery. 26 When interpreting the cognitive profiles of the patients, a score of one standard deviation below average was regarded as a cognitive deficit. [27] [28] [29] This study was approved by the regional ethics committee and written informed consent was obtained from all caregivers and patients participating in the study.
Data processing was performed with the SPSS Statistical Package for the Social Sciences (SPSS) version 21, statistical computer program. 30 A significance level of P = 0.05 was used. The statistical calculations of the cognitive profiles were performed with the one-sample t test. The comparison of the cognitive profile of patients with and without psychiatric comorbidity was made using the independent-samples t test and the comparison of VCI and PRI was made using the pairedsample t test.
RESULTS
The demographic, clinical, and laboratory characteristics of the 38 children and adolescents with narcolepsy are presented in Table 2 . The median age at testing was 15.3 y (range: 5.7-25.0) and the median age at onset was 12.5 y (range: 3.0-17.0). The median narcolepsy duration was 2.8 y (range: 1.9-10.0).
Psychiatric Comorbidity
Psychiatric comorbidity was evaluated in 37 patients. In the PHV narcolepsy group, 13/30 patients (43%) patient had a psychiatric disorder: 8/28 had ADHD, inattentive type, 6/30 had major depression, 3/30 had general anxiety disorder, 2/30 had oppositional defiant disorder (ODD), 1/30 had pervasive developmental disorder not otherwise specified (PDD NOS) (i.e., atypical autism) and 1/30 had eating disorder not otherwise specified (anorectic type). In the nPHV narcolepsy group, 1/7 patients had psychiatric disorders with a combination of ADHD, inattentive type and ODD. Seven of all nine patients with ADHD had atypical onset, i.e., the onset occurred after age 7 y. According to the caregivers onset also started after the debut of narcolepsy. The ADHD criteria were met, even though they received concurrent treatment with stimulants. All three patients with ODD were between age 11-25 y and had a simultaneous diagnosis of ADHD, inattentive type. Three patients, of whom two belonged to the PHV narcolepsy group, screened positive on the ASSQ. One of these three patients fulfilled the criteria for autistic traits and one was the individual who fulfilled the criteria for PDD NOS based on the DAWBA evaluation. According to the PANSS interview, three patients in the PHV narcolepsy group reported daytime hallucinations. The most frequent psychiatric symptom was temper tantrums, which occurred in 94% of the patients in the PHV narcolepsy 
Characteristics
Non group and 71% of the patients in the nPHV narcolepsy group. Patients lost their temper often in 35% of cases in the PHV narcolepsy group and in 29% in the nPHV narcolepsy group.
Cognitive Profile
The cognitive profiles of the assessed patients in the PHV and nPHV narcolepsy groups are presented in Figure 1 . Both the VCI (mean, 92) and WMI (mean, 89) were significantly lower in the PHV narcolepsy group (VCI: P = 0.000; WMI: P = 0.000) compared with the normal mean index value of 100. The cognitive profile of the nPHV narcolepsy group was similar to the PHV narcolepsy group with decreased VCI (mean, 95) and WMI (mean, 93), but these indices did not differ significantly compared with the normal mean index value of 100. The PRI was significantly higher in the entire study population but not on a group level based on the vaccination status. Seventeen of the patients in the entire study population had a difference of one standard deviation or more, between PRI and VCI, where VCI was the lower one. There was a significant difference (P = 0.000) between PRI (mean 106) and VCI (mean 92). None of the patients had an FSIQ of < 70, i.e., intellectual disability. The test results for executive functions were in the normal range.
A cognitive assessment was performed in the 13 of 14 patients with at least one psychiatric diagnosis (Figure 2 ). The FSIQ in these patients was found to be significantly lower (P = 0.027) compared with the FSIQ in the patients without a psychiatric diagnosis.
DISCUSSION
As far as we know, there are no previous in-depth studies investigating psychiatric comorbidities in children and adolescents with narcolepsy in relationship to the DSM-IV criteria. In this study, 43% of the patients in the PHV narcolepsy group and 14% in the nPHV narcolepsy group fulfilled the DSM-IV criteria for at least one psychiatric disorder-13% and 14% respectively, for two psychiatric diagnoses. Psychiatric comorbidity seemed to be more common in the PHV narcolepsy group but a comparison is difficult to make because of the few patients identified with nPHV narcolepsy in this study. The identified tendency is difficult to explain, but the more sudden and intense onset of narcolepsy after H1N1 vaccination may have been a contributing factor. Another explanation could be a triggering effect of the vaccine itself, although psychiatric comorbidity was not mentioned in a previous Swedish national registry study. 31 In the PHV narcolepsy group, major depression was present in 20%, which is almost three times higher than the prevalence in the general Swedish adolescent population, in whom the 1-y prevalence of major depression is 5.8%. 32 A high prevalence of depressive mood has also been described in children with narcolepsy using screening forms. 14, 15 It is not known what causes depression in narcolepsy. One hypothesis is that the increase in daytime sleepiness, itself or in conjunction with disturbed nighttime sleep, leads to depression. 33 Another possibility is that the depression is related to hypocretin-1 deficiency, which leads to amygdala dysfunction and results in changes in affective modulation. The amygdala neural system has also been implicated in the pathological emotional processes of patients with major depressive disorder. 34 Hypocretin-1 has been described to excite serotonergic neurons, 35 which are important in the pathogenesis of depression.
Three patients had problems within the autism spectrum, including one in the PHV narcolepsy group who met the criteria for PDD NOS. It is difficult to draw any conclusions from this finding based on the small number of patients. We have not been able to find any previous studies reporting problems within the autism spectrum in children or adolescents with narcolepsy.
More than one in four of the entire study population had ADHD, inattentive type. The prevalence of ADHD in narcolepsy is clearly higher than in the general population of Swedish children, where it has been estimated to 7% at age 6 to 7 y. 36 Our findings are in line with the increased retrospective history of childhood ADHD symptomatology recently reported in adults with narcolepsy. 8 The fact that seven of nine of our patients with ADHD developed ADHD after age 7 y and after narcolepsy onset points to a relationship between the onset of narcolepsy and the development of ADHD. Whether this is a direct causal relationship or is dependent on unmasking of a previously unrecognized disease is difficult to tell because of the cross-sectional study approach. The mechanism behind ADHD in narcolepsy is not known. Earlier studies have hypothesized that decreased attention could be reactive because of nocturnal dyssomnia followed by daytime sleepiness.
14 Hypocretin-1 has widespread interactions with the brain's neurotransmitter network, including the prefrontal cortex. 37 Studies of patients with narcolepsy with functional MRI, as well as with event-related potentials and cognitive evoked potentials, have revealed changes in activation in the executive cortical networks localized in the prefrontal cortex. 38 The same centers have been implicated in ADHD and are the main localizations of the attention systems. 37 The input to the cortex from the Reticular Activating System (RAS) in the brainstem is another important network facilitated by hypocretin-1 that is also involved in ADHD. The RAS system is involved in multiple tasks, such as regulating the sleep-wake cycle and filtering incoming stimuli to discriminate irrelevant background stimuli. 39 None of the patients in our study screened positive for psychotic symptoms and the daytime hallucinations reported by three of the patients were regarded as hypnagogic or hypnopompic hallucinations related to narcolepsy. ODD occurred in 8% of the entire study population. For comparison, the pooled prevalence of ODD in children estimated from 25 studies was 3.3%, where children older than 12 y had lower rates than children younger than 12 y. 40 The first symptoms of ODD usually appear during the preschool period and they rarely appear after early adolescence. 41 Our three patients with ODD were older than 11 y. ODD is frequently secondary to ADHD, the combined type in most cases. 42 In the current study, all three patients with ODD had an overlapping diagnosis with ADHD, inattentive type. The most frequent psychiatric symptom in our study was temper tantrums, which often occurred in one-third of the entire study population. Frequent temper tantrums are reported among 6.5-13.5 % of the general population in Sweden depending on age and sex of the children and adolescents. 43, 44 Our results are in line with previous studies describing significant behavioral problems in 33-66% of children with narcolepsy. [15] [16] [17] Neuropsychological assessment in this study produced a profile with normal results for mean FSIQ and perceptual speed index in both the PHV narcolepsy group and the nPHV narcolepsy group. Significantly poorer results for VCI and WMI were identified in the PHV narcolepsy group. A similar trend was found in the nPHV narcolepsy group but the change was not statistically significant. The indexes of the cognitive domains did not differ significantly between the PHV narcolepsy and the nPHV narcolepsy groups. A significantly higher PRI was detected on the entire study group level but without correlation to the H1N1 vaccination status. Normal FSIQ has also been demonstrated in a previous study. 18 Working memory is closely connected to attention and is a fundamental cognitive function that is required for many mental activities, as well as being essential for many school tasks. 45 Working memory is also of great significance for verbal comprehension that reflects abilities that are partially formed by what children learn at school and within social contexts. Many of the children and adolescents participating in this study had missed long periods of their schooling and also reported spending less time with their friends since the onset of the disease. The reduction in working memory may also have led to reduced verbal abilities, because it makes the important encoding process of new information more difficult. WMI in children with narcolepsy has been examined in only one previous study, which showed normal results in 12 patients. 18 Executive functions, measured with two brief tests, were normal in the current study. We have not found any previous studies of executive functions in children with narcolepsy.
Studies of memory function including working memory, as well as studies of executive functions in adults with narcolepsy, have been normal in some cases, 9, 11 whereas other studies have found impairments. 10, 12, 13, 46 Patients are able to perform well during short, simple tests, but they perform less well on longer or more demanding tests because a higher proportion of cognitive resources are recruited for the maintenance of alertness. 47 The patients with comorbid psychiatric disorders had a significantly lower FSIQ than the group without comorbidity. A low FSIQ, within the normal range, has been associated in young children with a higher rate of psychiatric comorbidity in comparison to typically developing children. 48 The subgroup of children and adolescents with narcolepsy and borderline intellectual functioning requires special attention in order to prevent the development of psychiatric symptoms in general and major depression in particular. The way in which narcolepsy influences cognitive functioning is unclear. The assumption is that neural mechanisms secondary to sleepiness could play a causal role.
14 However, some studies have identified structural and functional neurocognitive changes in patients with narcolepsy that may point to mechanisms directly related to narcolepsy and its pathology. 49, 50 There are some limitations to this study that should be considered. First, because of the extensive battery of tests used in each patient, we were not able to include a comparison group. Comparisons are thus made with recent population figures in the literature. Second, applying strict DSM-IV criteria for the diagnosis of psychiatric comorbidities may have led us to underdiagnose milder yet nevertheless significant problems in some individuals. Third, the total number of children with nPHV narcolepsy was too small to establish any significant differences in psychiatric comorbidity and cognitive profile on a subgroup level. The strength of our study is the populationbased design. In addition, we used validated diagnostic instruments and diagnoses were made according to the DSM-IV criteria.
Our study highlights the importance of a careful psychiatric and psychological follow-up of children and adolescents with narcolepsy. Potential psychiatric comorbidities need to be examined in detail in each patient and adequate treatment must be started as soon as possible in an effort to reduce disease burden. Cognitive difficulties must be detected and adequate support provided when necessary to promote the patients' everyday functioning, school performance, and mental health. An increased knowledge of psychiatric comorbidities and cognitive consequences in society and health care is important for the care of children and adolescents with narcolepsy. Further studies are needed to explore the consequences of narcolepsy in the daily life of childhood patients.
